The values of density, viscosity and speed of sound for the binary liquid mixture of benzaldehyde with benzene have been measured over the entire range of composition at 303.15, 308.15 and 313.15 K. These values have been used to calculate the excess molar volume (V E ), deviation in viscosity (∆η), deviation in speed of sound (∆U), deviation in isentropic compressibility (∆β s ), excess internal pressure (∆π), excess intermolecular free length (∆L f ), excess free volume (V f E ) and excess acoustic impedance (∆Z). McAllister's three body interaction model is used for correlating kinematic viscosity of binary mixtures. The excess values were correlated using the Redlich-Kister polynomial equation to obtain their coefficients and standard deviations. The thermophysical properties (density, viscosity and speed of sound) under the study were fit to the Jouyban-Acree model.
Introduction
The thermodynamic and transport properties of liquids and liquid mixtures 1 are used to study the molecular interactions between the various components of the mixtures the various components of the mixture and also to understand engineering applications concerning heat transfer, mass transfer and fluid flow. In chemical process industries, materials are normally handled in fluid form and as a consequence, the physical, chemical and transport properties of fluids, assume importance. Thus, data on some of the properties associated with the liquids and liquid mixtures like Density, viscosity, refractive index and Speed of Sound find extensive application in solution theory and molecular dynamics. Such results are necessary
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for interpretation of data obtained from thermo chemical, electrochemical, biochemical and kinetic studies 2 . Benzene is used in the production of drugs. Benzoin prepared from Benzaldehyde is used as "tincture benzoin" in medicine for throat infection. In our earlier paper [3] [4] [5] , we had studied the transport properties of binary liquid mixtures. In the present paper the densities, viscosities and ultrasonic velocities for the binary liquid mixtures of benzaldehyde with benzene have been measured over the entire range of composition at 303.15, 308.15 and 313.15 K. To study the physicochemical behaviour of benzaldehyde with benzene by evaluating different thermo acoustic parameters like acoustical impedance (Z),isentropic compressibility (β s ), intermolecular free length (L f ), free volume(V f ), degree of intermolecular attraction (α) and their excess properties were derived over the entire mol fraction range. The viscosity values have been fitted to McAllister 6 and Krishnan and Laddha 7 model. The Jouyban -Acree model 8 has also been extended to density, viscosity and Speed of Sound of binary mixtures. The deviation values have been fitted to RedlichKister type 9 equation. Literature survey showed that no measurements have been previously reported for the mixture studied in this paper.
Experimental
Benzaldehyde and benzene (Lobo Chemicals, India and mass fraction ≥0.998) were purified by using the methods described in the literature 10 and only middle fractions were used in the experiment. Binary mixtures are prepared by mixing appropriate volumes of the liquid components in the specially designed glass bottles with air tight Teflon coated caps and mass measurements performed on a Shimadzu Corporation Japan type BL 2205 electronic balance, with a precision of ±0.01 mg. The required properties are measured on the same day immediately after preparing each composition. The uncertainty of the mole fraction is ±0.001. The experimental values of density, viscosity and Speeds of Sound for the pure liquids are compared, with the available literature values at T= 303.15 K in Table 1 . 
Apparatus and procedure
A double-arm pycnometer with a bulb of 25 cm 3 and a capillary of an internal diameter of about 1mm is used to measure the densities (ρ) of pure liquids and binary mixtures. The pycnometer is calibrated by using conductivity water (having specific conductance less than 1.10 -6 ohm -1 ) with 0.9970 and 0.9940 gcm -3 as its densities at T=(298.15 and 308.15)K, respectively. The pycnometer filled with air bubbles free liquids is kept in a thermostat with a thermal stability of ±0.01 K for over 30 min to attain thermal equilibrium. The precision of the density measurements was estimated to be ±0.002 g ·cm The kinematic viscosities were measured with Ostwald viscometer previously calibrated using water. The time was measured with a precision of 0.01 s and the uncertainty in the viscosity was estimated to be less than 0.0002 mPa·s. The kinematic viscosity was obtained from the working equation ν=at-b ⁄ t (1) Where the two constants a and b were obtained by measuring the flow time t of benzene.
Speed of sound was measured by using a variable path, single crystal interferometer (Mittal Enterprises, New Delhi) at a frequency of 2 MHz and calibrated with toluene. The interferometer cell was filled with the test liquid and the temperature of the solution was maintained constant within (0.01) K by circulation of water from a thermostatically regulated water bath through the water jacketed cell. The uncertainty was estimated to be 2 m/s.
Results and Discussion
The viscosities of mixtures of benzaldehyde and benzene have been correlated with the model proposed by McAllister for a binary mixture. Considering three-body interaction 3 , Table 2 . Table 2 The excess properties A E that shed light on the deviation from ideality are responsible for assessing the structural variation and the type of molecular interactions. Acoustical impedance(Z), isentropic compressibility (β s ), intermolecular free length(L f ), intermolecular attraction(α) and Internal pressure(π) can be calculated using the following relations and presented in Table 3 -5. (12) Where N is the number of data points and n is the number of coefficients, A i is polynomial coefficients obtained by fitting equation.12 to experimental data using a least-squares regression method. The standard deviations (S) were calculated using the relation. The calculated values of coefficients along with the standard deviation (S) are given in Table. 6-13. Deviation of physical property of liquid mixtures from the ideal behaviour is the measure of the interaction between the molecules which is attributed to either adhesive or cohesive forces. The variation of excess molar volume with mole fraction of benzaldehyde (1) + benzene (2) at (303.15, 308.15 and 313.15) K is represented in Figure 1 . The excess molar volume shows positive deviation for all the studied temperatures and for any composition 11, 12 . The increase in Excess molar volume with increase in benzaldehyde implies that dipole induced dipole interactions are weak owing to the decrease in their polarizability.
The negative deviation in viscosity 13 over the whole composition range for all mixtures decreases in absolute value as the temperature is increased, due to weakening of interaction ( figure.2) . This negative deviation suggests that in these mixtures, the forces between unlike molecules are lesser than the forces between like molecules. Negative deviation in acoustic impedance ( Figure 4) indicates weak dipolar interactions. The magnitude and sign of isentropic compressibility can be used to study the structure making/breaking properties of the liquid mixtures. The positive deviation indicates the structure breaking effect. Positive deviation in isentropic compressibility ( Figure 5 ) reveals that the packing molecules in the mixture is less compact than in the pure components .The positive values indicate the mixture is more compressible than the corresponding ideal mixture. Figure 6 ) is the distance between the surfaces of the neighbouring molecules. It is used to study the nature and strength of molecular interactions 2 . Positive deviation indicates weak type of interactions involving dispersion forces between unlike molecules, and also indicates that molecules are far away in the system. The internal pressure ( Figure 7 ) values of the liquid mixtures decreases and free volume values increase with increase in temperature. At low temperature, Brownian moment is less. However, decrease in internal pressure and increase in free volume (Figure 8 ) is due to destruction of association at high temperatures. Since cohesive forces get loosened due to thermal energy at high temperatures, the internal pressure value decreases while free volume value increases. The increase in free volume point out to a loosely packing of molecules. 
Conclusion
It has been observed that positive deviations were observed for excess molar volumes of the mixture. In the case of viscosity and speed of sound, negative deviations were observed for the benzaldehyde + benzene binary mixture at 303.15, 308.15 and 313.15 K. It has also been observed that positive deviations were observed for excess intermolecular free length, excess isentropic compressibility and negative deviations were observed for excess acoustic impedance, excess internal pressure. It indicates that weak interaction involving dispersion forces between unlike molecules. It has been concluded that the McAllister model is very well suited for correlating the Kinematic viscosity which is indicated by low percentage standard deviation with minimum number of coefficients. It has been concluded that Jouyban -Acree model is very well suited for correlating the viscosity, speed of sound and density of the binary mixture. It is also clear that the Redlich-Kister polynomial equation can represent the excess molar volume, deviations of viscosity and deviation in Speed of Sound very well which is indicated by low standard deviations. 
